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PURPOSE 
The purpose of this research is to study the behavior of 
the atmosphere on a scale of less than 100 miles. The Signal 
Corps Technical Requirements No. SCL-2946, 23 November 1954 and 
Amendment No. 1, 24 August 1956 for contract DA-36-039 SC-64656 
are listed below. 
(3.2.2) The contractor shall analyze a number of suitable 
weather situations with a view to discovering typical patterns 
on the mesometeorological scale analogous to the wave cyclone 
model, squall lines, etc., as currently used in the macrometebr-
ological analysis of daily weather maps. 
(3.2.2.1) Analyses shall be made of the data for periods 
of time up to at least eight hours. 
(3.2.2.2) An objective system for correcting relative 
humidities shall be developed. 
(3.2.2.3) A method to reduce the pressure values to a 
convenient level (1000 feet) shall be developed. 
(3.2.3) The contractor shall evaluate the characteristics 
and types of observation and analysis required to adequately 
represent mesometeorological phenomena. 
(3.2.3.1) Requirements for new and different instruments 
shall be carefully evaluated. 
(3.2.3.2) Requirements for new and different observational 
and analysis techniques shall be determined and those techniques 
used in this study shall be evaluated in terms of their practical 
advantages in mesometeorological analysis and forecasting. 
(3.2.3.2.1) Elements particularly requiring study and' the 
development of effective prediction techniques include fog, 
visibility, low clouds, precipitation, temperatures, and vertical 
mixing. 
(3.3) The contractor shall analyze in detail a number of 
undisturbed weather situations using the same guidelines as fol-
lowed for analyzed disturbed weather situations. 
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ABSTRACT 
Through the mesoanalysis of the Thunderstorm Project data 
for the Ohio Network of 1947, 28 case studies of small-scale 
weather disturbances have been completed. 
The method of surface analysis used in the study of the 
data was that developed by Fujita, in which time sections from 
pressure and other autographic records were converted to space 
sections. These space sections were entered on the network 
charts for the different parameters to aid in determining the 
proper gradient. Radar echoes were entered on the precipita-
tion maps to aid in the analysis of rainfall. 
Twenty-eight synoptic cases were mesoanalyzed. These 
studies have shown that the small-scale fluctuations observed 
on autographic records of the various parameters are not 'noise' 
but small-scale systems which can be followed from station to 
station. From these studies seven classifications of meso-
systems were made. The classifications are: (1) thunderstorm 
high, (2) mesolow, (3) mesocyclone, (4) pressure jump, (5) 
pressure surge, (6) mesotrough, and (7) depression-type wave. 
There were also disturbances in the wind, temperature, and 
moisture fields which did not affect the pressure field. 
In the relationship of mesosystems to synoptic-scale fea-
tures it was found that squall lines produce cellular pressure 
rises and cold' fronts produce lines of pressure rises. 
A. study of small-scale wind fluctuations was made. An 
analysis of perturbation winds showed small circulations moving 
across the network. 
It was concluded that all the meteorological instruments 
used in the Thunderstorm Project were accurate enough for re-
cording mesoscale phenomena with the exception of the hygrograph. 
A new network especially designed for the study of meso-
meteorologicai phenomena is recommended. This network should 
be mobile and equipped with a centralized digital recording sys-
tem to which meteorological sensing elements telemeter data. 
Observations should be taken each minute to approximate satis-
factorily a continuous curve. The network should have a spacing 
of l/2 mile at the center increasing to 5 miles in the surround-
ing area and finally 30 miles at 200 miles from the "center, 
A comprehensive bibliography on small-scale weather 
phenomena and instruments is included at the end of the report. 
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PUBLICATIONS, LECTURES, REPORTS, AND CONFERENCES 
Publications 
First Quarterly Technical Report, 1 May to 31 July 1955. 
7 pp. A discussion of the basic approach to mesometeorological 
analysis is given. 
Second Quarterly Technical Report, 1 August to 31 October 
1955. 13 pp., 6 figs. Methods of smoothing and correcting the 
data are described. 
Third Quarterly Technical Report, 1 November 1955 to 31 
January 1956. 22 pp., 5 figs. A case study of an intense cold 
front on 21 September 1947 is presented. Six other situations 
being analyzed are discussed briefly. 
Fourth Quarterly Technical. Report, 1. February to 30 April 
1956. 13 pp., 9 figs. Mesosystems associated with the squall 
line of 14 July 1947 are shown. 
Fifth Quarterly Technical Report, 1 May to 31 July 1956. 
15 pp., 18 figs. The depression-type wave of 13 July 1947 is 
presented. 
Sixth Quarterly Technical Report, 1 August to 31 October 
1956. 15 pp., 14 figs. Case studies of 16 August 1947 thunder-
storms, 27 July 1947 squall line, and 15 September l947 pressure 
jump are presented. 
Seventh Quarterly Technical Report, 1 November 1956 to 31 
January 1957. 23 pp., 24 figs. Case studies are presented for 
the 29 August 1947 mesotrough, 14 August 1947 squall zone, and 
the 13 June 1947 squall line. 
Eighth Quarterly Technical Report, 1 February to 30 April 
1957. 13 pp., 6 figs. Studies of the. 5 June 1947 depression-
type wave and the undisturbed situation of 18 September 1947 
are presented. 
Ninth Quarterly Technical Report, 1 May to 31 July 1957. 
13 pp., 19 figs. Studies of the wake, depression of 2 August 
1947 and the thunderstorm high of 11 June 1947 are presented. 
Tenth Quarterly Technical Report, 1 August to 31 October 
1957. 17 pp., ,17 figs. The analyses of five situations are 
discussed in detail. 
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Eleventh Quarterly Technical Report, 1 November 1957 to 31 
January 1958. 10 pp., 6 figs. Studies of the 11 September 1947 
shower activity and the 6 August 1947 stationary front are pre-
sented. 
Lectures 
J. B. Holleyman presented a pager entitled "A Mesoanalysis 
of a Well-Defined Cold Front on 21 September 1947," at the 
American Meteorological Society meeting in Washington, D. C., 
on 4 May 1956. 
Two papers were presented at the 147th National Meeting of 
the AMS in Albuquerque, N. M., on 5 September 1956. These papers 
were "Mesoanalysis of Temperature and Moisture in an Undisturbed 
Pressure Field," by J. B. Holleyman, and "A Study of Mesoscale 
Pressure Patterns," by H. M. Gibson and R. H. Blackmer, Jr. 
R. H. Blackmer, Jr. presented a paper entitled "The Use of 
Radar Data in Mesometeorological Analysis," on 27 March 1957 at 
the Sixth Weather Radar Conference in Cambridge, Massachusetts. 
G. E. Stout was invited to the XI General Assembly of the 
International Union of Geodesy and Geophysics at the University 
of Toronto. He presented a paper on "Mesometeorological Systems 
from a Dense Network of Stations," during the session on Meso-
meteorology on 7 September 1957. 
Reports 
Research Report No. 1 titled "Three-Dimensional Mesoanalysis 
of a Squall Line" by Tetsuya Fujita was published in March 1958. 
Conferences 
25 and 26 August 1955. A conference was held at the "State 
Water Survey Meteorologic Laboratory with Dr. R. Schrott and W. 
Richards of United States Army Signal Research and Development 
Laboratory (USASRDL) and Dr. T. Fujita of the University of 
Chicago. Dr. Fujita demonstrated a technique of mesoanalysis 
that he has developed. 
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6 September 1955. Dr. T. Fujita visited the Meteorologic 
Laboratory to help with analysis problems. 
13 October 1955. Dr. R. Schrott visited the Meteorologic 
Laboratory. During this visit he requested that some copies of 
the Thunderstorm Project barograms be sent to USASRDL for exam-
ination. A roll of 35 mm microfilm and letter of explanation 
were sent 26 October. 
20 October 1955. Dr. H. R. Byers and Mr. H. A. Erown, 
University of Chicago, visited the Meteorologic Laboratory. Dr. 
Byers recommended that we obtain copies of the Thunderstorm 
Project operating log book and a book of photographs showing the 
exposure of all the stations. These were obtained from NWRC, 
Asheville, North Carolina. 
7 and 8 November 1955. G. E. Stout, R. H. Blackmer, Jr., 
and H. M. Gibson of the Illinois State Water Survey and Dr. D. 
M. Swingle, L. Rosenberg, Dr. R. Schrott, D. Moran, J. Pabrice, 
and A. Arnold discussed problems of mesometeorological analysis 
at Belmar, New Jersey. Topics discussed included reduction of 
data and methods of analysis. 
9 November 1955. R. H. Blackmer, Jr. discussed mesometeor-
ology with Prof. H. G. Houghton, Prof. J. M. Austin, Dr. P. M. 
Austin, and Dr. A. Fleisher at M.I.T. It was suggested that the 
departure of the wind from the mean wind be plotted instead of 
the actual wind to see if it would agree better with the pressure 
patterns. 
22 March 1956. G. E. Stout, J. B. Holleyman, and H. M. 
Gibson visited the University of Chicago and discussed meso-
meteorology with H. A. Brown, C. W. Newton and T. N. Krishnamurti. 
Ideas were exchanged on methods of analysis and the scale of meso-
systems. 
29 March 1956. Dr. R. Schrott visited the Meteorologic 
Laboratory to confer on contract problems. 
2 May 1956. G. E. Stout and J. B. Holleyman visited with 
Dr. M. Tepper, U. S. Weather Bureau in Washington, D. C., to 
discuss research requirements in mesometeorology. Holleyman 
talked briefly with Robert P. Myers of Air Force Cambridge 
Research Center. The cost of the installation of a network 
using Weather Information Telemetering System and the instru-
mentation of this system were discussed. 
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28 June 1956. G. E. Stout and R. H. Blackmer, Jr. visited 
Belmar, New Jersey, to discuss contract work with Dp, R. Schrott 
and L. Rosenberg. It was suggested that more illustrations be 
included in the quarterly reports. 
8 August 1956. Dr. T. Fujita presented his mesoanalysis 
of the Illinois-Indiana tornado situation of 9 April 1953 at the 
Meteorologic Laboratory. Holleyman and Gibson reviewed the meso-
analyses completed since Dr. Fujita's last visit. 
24 October 1956. Dr. R. Schrott conferred on c ontract pro-
blems at the Meteorologic Laboratory. Schrott pointed out that 
the analysis of a number of undisturbed situations is the most 
important point in the proposed nine-month extension of the con-
tract. During this discussion the USASRDL definition of "un-
disturbed weather situations" was clarified. 
16 November 1956. Dr. E. M. Brooks of Saint Louis University 
visited the Illinois State Water Survey and discussed types of 
mesosystems and problems of mesometeorological analysis with 
project personnel. 
29 November 1956 and 4 January 1957. G. Hopkins, Sales 
Engineer for Minneapolis-Honeywell visited the Meteorologic 
Laboratory to discuss a data handling system for a mesometeor-
ological network. 
11 to 15 December 1956. R. H. Blackmer, Jr., visited the 
National Weather Records Center, Asheville, North Carolina, to 
examine data from the Thunderstorm Project and Cloud Physics 
Project. Useful information which was found included a film log 
giving the range and azimuth of off-center PPI pictures. Exam-
ination of the 1948 Cloud Physics Project pressure data showed 
that these data were not significantly better than the Thunder-
storm Project pressure data. 
15 January 1957. R. H. Blackmer, Jr. and A. Krueger visited 
the University of Chicago on 15 January to discuss mesoanalysis 
with Dr. T. Pujita and H. A. Brown. 
30 and 3'i January 1957. G. E. Stout, R. H. Blackmer, Jr., 
and J. B. Holleyman visited Belmar, New Jersey, to discuss pro-
blems related to mesometeorological analysis with Dr. D. M. 
Swingle, Dr. R. Schrott, L. Rosenberg, and D. Slade. Topics 
discussed included objective methods of correcting relative 
humidity and reduction of pressure to convenient levels. It was 
suggested that temperature be considered in the reduction of 
pressures. 
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1 February 1957. R. H. Blackmer, Jr. and J. B. Holleyman 
traveled to Philadelphia for a conference with W. Lee and W. 
Sokel of Minneapolis-Honeywell. A proposed data-handling system 
which could be used in a mesometeorological network was discussed. 
21 February 1957. H. M. Gibson visited Saint Louis University 
to discuss work in mesoanalysis and to hear a paper by C. J. Murino 
on tropopause variations and their relationship to small-scale 
surface systems. 
20 March 1957. J. B. Holleyman visited with Dr. T. Fujita, 
Chicago, to discuss analysis of gustiness in the wind field. 
2 April 1957. Dr. T. Fujita visited the Meteorologic 
Laboratory to discuss problems of mesoanalysis. 
16 to 18 April 1957. H. M. Gibson attended the National 
Conference on Severe Local Storms at Kansas City, Missouri, to 
hear reports on mesometeorology and discuss with other scientists 
some of the problems. 
29 April to 2 May 1957. J. B. Holleyman attended the 155th 
National AMS-AGU meeting in Washington, D. C. to hear the results 
and methods of research being carried out by other organizations 
interested in mesometeorology. 
13 June 1957. Dr. T. Fujita visited the Meteorologic 
Laboratory to discuss his analysis of the 29 June 1947 situation. 
His analyzed charts were left at the Laboratory for detailed 
examination by the staff. 
21 June 1957. J. B. Holleyman returned the analyses of the 
29 June situation to Dr. T. Fujita and discussed changes and 
clarifications suggested by the staff. 
26 June 1957. R. H. Blackmer, Jr. visited Dugway Proving 
Ground, Utah, to inspect the automatic meteorological digital 
telemetering system being developed by Bendix Aviation Corpor-
ation. Blackmer discussed progress of work on the mesometeor-
ological contract with Dr. R. Schrott and L. Rosenberg who were 
also visiting Dugway Proving Ground. 
17 and 18 September 1957. G. E. Stout and R. H. Blackmer, 
Jr. visited Belmar, New Jersey, to discuss problems in meso-
meteorological analysis with Signal Corps personnel. 
13 to 15 November 1957. R. H. Blackmer, Jr. attended the 
l6lst National AMS meeting at College Station, Texas. 
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20 November 1957. Dr. T. Bergeron visited the Meteorologic 
Laboratory. During this visit he reviewed the classification of 
mesoscale pressure patterns. 
11 March 1958. G. E. Stout and J. B. Holleyman visited 
Harry Moses at Argonne Laboratory to discuss problems in the 
study of small-scale wind fluctuations. 
31 March and 1 April 1958. J. B. Holleyman visited Belmar, 
New Jersey, to discuss progress made in the study of small-scale 
wind fluctuations. 
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DISCUSSION OF DATA 
In the investigation of the Thunderstorm Project data for 
mesometeorological systems, elements studied were pressure, 
temperature, rainfall, humidity, wind direction and wind speed, 
and clouds. In conjunction with rainfall, radar echoes were 
studied. Details of the problems involved in the reduction and 
analysis of the Thunderstorm Project data are discussed in the 
individual quarterly reports. 
Surface Network Data 
The pressure at each station in the network was recorded 
by an accelerated microbarograph equipped with 12-hour gears. 
Before data from these instruments could be used, errors and 
instrumental limitations had to be determined and corrected. 
Errors resulted from instrument malfunctioning at some stations 
and time discrepancies due to improper setting of pens. Instru-
mental limitations were of two kinds: sensitivity to small 
pressure fluctuations and accuracy of the clock mechanism. In 
addition to the errors and limitations of the instruments, there 
was the difference in station elevation which had to be taken 
into consideration in the analysis of pressure. 
Data from the few Instruments that functioned improperly 
were examined to determine their value. In most cases the pres-
sure traces from such Instruments were used qualitatively. 
Those that had no value were discarded. Time errors were cor-
rected by adding algebraically to the time the number of minutes 
the pen had been set incorrectly; or, in case the fault lay in 
the clock mechanism, the time error was assumed to be linear and 
corrections were made accordingly. This method of correcting 
time errors was applied to ail data from the recording instru-
ments used in the Ohio Network. The barographs were accurate 
enough to record all but the smallest pressure variations. As 
the stations were at different elevations, pressure had to be 
reduced to a standard level before analysis could be undertaken. 
The standard level for two cases was at 1000 feet and for all 
others, at sea level. 
Temperature and moisture data were obtained from hygro-
thermographs with 12-hour gears. There were only minor problems 
in preparing the temperature data for analysis. Local effects 
in the temperature due to instrument exposure and topography 
were minimized by adding algebraically to the station temperature 
the difference between the 8-hour network mean temperature and 
the 8-hour station mean temperature. 
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The humidity elements of the hygrothermographs did not show 
the high degree of accuracy of the temperature elements. In ex-
treme cases a few of the elements recorded relative humidities 
of over 100 percent. Such errors were corrected by simply lower-
ing the section of the chart which was above 100 percent to 100 
percent. Other methods of correcting relative humidity were: 
(1) use of relative humidity readings from the sling 
psychrometer made at the time the charts were changed 
(2) use of four-station means 
(3) in a homogeneous air mass, the use of an average relative humidity for the network 
(4) raising or lowering of a trace for an undisturbed 
period to agree with traces from surrounding stations 
In studying the moisture content of the air, relative humidity, 
dew points, and mixing ratio values were used. The latter two 
parameters were calculated from the temperature and relative 
humidity traces. 
Very few errors were found In the rainfall records. Rainfall 
amounts were not used. Instead, the traces were differentiated 
to obtain rainfall rate in inches for a period of five minutes. 
Wind direction and speed were recorded by Esterline Angus 
recorders. The main problem in obtaining wind data was in con-
verting from Esteriine Angus divisions to miles per hour and 
degrees. The conversion was made after the traces were copied. 
Corrections for variations in winds from one station to another 
were abandoned early in the study, although it is realized that 
such variations exist due to instrument exposure and terrain 
differences. The time required to make the corrections was not 
Justified, since the study was not concerned primarily with 
these small differences in winds. 
Network Upper Air Data 
There were six radiosonde stations and nine upper wind 
stations in the network. Two additional stations had equipment 
but rarely made upper wind observations. 
The stations were not always In operation simultaneously. 
However, many of the case studies were chosen for times when 
most of the stations made upper air observations. The upper 
air data were used as much as possible to supplement the surface 
-12-
data. Soundings were usually analyzed on time and space cross 
sections and on trajectory charts which showed the actual path 
along the horizontal traveled by the radiosonde instrument or 
pilot balloon. 
Radar Data 
The three types of radar data that were collected were on-
center PPI at 200-mile range, off-center PPI at 25- to 40-mile 
range, and RHI data at a maximum range of approximately 60 miles. 
Detailed study of precipitation could not be made because all 
photographs were taken at maximum receiver gain. 
Radar echoes were traced from the photographs to the pre-
cipitation charts to be used in relation to the precipitation 
analysis. RHI data were used only to a limited extent. Because 
the set was located too close to the network for most of the 
period of operation, the data collected were unsatisfactory. 
The on-center PPI at 200-mile range was used in the analysis 
of hourly charts of the area surrounding the Ohio Network. 
Network Visual Observations 
Visual observations were taken at six stations in the Ohio 
Network. The observations included estimated wind velocity, 
clouds, visibility, obstructions to visibility, and weather. 
These observations were used to supplement radar and precipita-
tion data. 
U. S. Weather Bureau Hourly Data 
Hourly weather data from U. S. Weather Bureau and Air 
Force stations were obtained for the area bounded by the 35th 
and 47th parallels and the 76th and 95th meridians. The data 
were used for hourly synoptic sectional charts, mean sea level 
pressure maps, and the reconstruction of pressure traces for 
regular reporting stations. 
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U. S. Weather Bureau Upper Air Data 
Data from the Northern Hemisphere Historical Weather Maps 
for 0300Z were available for the 850, 700, 500, and 300-mb 
levels. These levels were analyzed for the study of the re-
lationship of macroscale features to mesoscale features. 
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METHODS OF ANALYSIS 
This section deals with the methods of analysis used in the 
preparation of mesometeorological charts. 
Surface Network Data 
The surface network data of the Thunderstorm Project for 
1947 was first analyzed by using conventional synoptic techniques 
of analysis. Many quasi-stationary pressure cells appeared on 
the maps where there was no indication of pressure fluctuations 
on the barograph records, but there were a few systems which 
moved across the network. These latter systems were associated 
with fluctuations on the barograph traces. The quasi-stationary 
cells were found to be apparent, and the cells that caused fluc-
tuations on the barograph traces were real. The object, there-
fore, was to adopt a method of analysis which would smooth out 
the apparent pressure systems and show the detailed structure of 
the real systems. 
Methods of Pressure Analysis 
Primary Method. The method of mesoanalysis developed by 
Pujita (1) was found to be most suitable for the Thunderstorm 
Project data. This method made use of the shape of the pressure 
trace and its magnitude after reduction to some convenient level, 
usually mean sea level. 
The first step in this method was to prepare meteorograms 
for the 8-hour period which included the period to be studied. 
Meteorograms are charts on which sections of instrumental auto-
graphic records are entered. The meteorograms used in this 
study incorporated pressure, temperature, relative humidity, and 
wind traces on one chart. 
The second step was to make an isochrone analysis of the 
disturbance being studied. The analysis was accomplished by 
following the time of occurrence of some pronounced feature of 
. the autographic record across the network. The next step was 
to use the isochrones to convert 10-minute sections of the pres-
sure traces to space sections. These space sections were plotted 
on the network charts at each station so that they were oriented 
in the direction the system was moving. Significant sea level 
pressure values were plotted along the space sections. Isobars 
were then drawn. 
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The Fujita method of analysis was also used in the analysis 
of temperature, precipitation, and moisture. 
Alternate Method. A second method of analysis developed by 
Pujita was used for two case studies. This method gave best re-
sults when the analyzed phenomena were isolated and completely 
within the network boundaries at some time during their movement 
across the network. The method could also be applied to line 
phenomena in which the pressure returned to the undisturbed value 
before the leading edge of the disturbance had passed off the 
edge of the network. 
The first step in this method was the preparation of pres-
sure excess charts. Pressure excess is the difference between the 
pressure during a mescscale disturbance and the pressure if 
there had been no disturbance. The undisturbed pressure was 
obtained by approximating the curve of the pressure trace in 
the undisturbed period on each side of the mesoscale disturbance 
and drawing a smooth curve through the period of disturbance. 
An isochrone analysis was made for the three features of the 
mesosystem: the maximum pressure departure, and the beginning 
and the ending of the disturbed period. The isochrones of max-
imum pressure departure showed the movement of the center of the 
mesoscale disturbance, while the isochrones of the beginning and 
ending of the disturbed period showed the extent of the system 
along its direction of travel. The values of maximum departure 
of pressure were plotted at each station on the isochrone chart 
for that feature of the mesosystem. Isanakatabars, isolines of 
pressure departure, were then drawn for the values of maximum 
pressure departure. The resulting chart was the pressure excess 
chart which showed the trajectory of the mesosystem and its ex-
tent along and perpendicular to the direction of travel. 
The next step was the analysis of the disturbed pressure in 
the network for each 5-minute period. Ten-minute sections of 
micrqbarograph traces with the value of departure from the un-
disturbed pressure were plotted at each station which was in the 
area being affected by the disturbance at map time. Along the 
isochrone of maximum departure of pressure for map time, the 
values of maximum departure of pressure were plotted. This 
method made it possible to correct the pressure traces for deep-
ening or filling or the system with time. With the value of 
maximum departure of pressure and the 10-minute sections of the 
barograph traces, it was possible to draw the isobars for excess 
pressure. 
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Before a complete analysis of sea level pressure could be 
obtained it was necessary to determine the undisturbed sea level 
pressure in the network. The undisturbed sea level pressure was 
obtained by estimating the sea level pressure field in the net-
work from surface sectional charts analyzed from record observa-
tions of U. S. Weather Bureau stations taken prior to and after 
the mesoscale disturbance crossed the Ohio Network. The change 
of this sea level pressure field was prorated at 5-minute in-
crements throughout the hour between charts. The disturbed 
pressure charts were added graphically to the corresponding un-
disturbed sea level pressure charts for the network to obtain 
the complete sea level pressure analysis. 
Although this method had real value, its use was limited 
by the number of suitable situations in which isolated systems 
occurred. Only two studies were made using this method of 
analysis. 
Temperature 
The method used in the analysis of temperature was the same 
as the primary method used in the analysis of pressure. 
Precipitation 
Rainfall rate in inches per five minutes was used in the 
analysis of precipitation. The rainfall rate was obtained by 
differentiating the accumulation trace with respect to time. 
Two methods were used In differentiating the accumulation 
curves. The first method was accomplished by estimating the 
slope of the curve on the microfilm. The second method was 
used when original rainfall charts were available. A rainfall 
rate reader was used to convert the amount to rate. The method 
of analysis of the rainfall charts was the same as that used in 
the analysis of pressure. 
Moisture 
The analysis of the moisture field was expressed in terms 
of relative humidity, dew point temperature, or mixing ratio. 
For one study, time sections of relative humidity traces 
were used in the analysis, but for all other studies in which 
relative humidity was analyzed only the values at the time of 
the chart to be analyzed were used. Relative humidity was 
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plotted at each station having moisture values and in most of 
these studies a 4-station mean relative humidity was computed 
and entered in the center of the square formed by each of the 
four adjacent stations. The 4-station means gave a smoothed 
pattern which showed only major features in the moisture field. 
The primary method explained in the discussion on pressure 
analysis was used in the analysis of dew point and mixing ratio 
values. 
Wind Velocity 
Winds were plotted at each station on the pressure chart 
and significant changes were plotted at the proper position on 
the base line of the 10-minute pressure traces. In a special 
study of winds, perturbation winds were plotted and a stream-
line analysis made. The details of this method of analysis are 
given in another section of this report. 
In a limited number of cases the divergence and vorticity 
fields were analyzed. Two methods were used for the analysis of 
these parameters. The first method was the graphical and the 
second was the vector method (2). 
In the graphical method, the values were deter-
mined from the u and v components of the wind, and their fields 
were added graphically to obtain the divergence field. 
The vorticity field was obtained by first determining the 
values from the u and v components and then graphi-
cally subtracting the field from the field. 
In the vector method, the winds were plotted as vectors at 
each station and by use of a nomogram designed by Bellamy (2) 
the divergence or vorticity field was determined,, 
The graphical method was more satisfactory than the vector 
method because the patterns were less complex and, therefore, 
more realistic as to what could actually be done with data from 
stations with a 2-mile spacing. 
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Network Upper Air Data 
Upper air data collected by the Thunderstorm Project were 
limited mainly to daylight hours on days of thunderstorms; there-
fore, soundings were not always available for studies made by 
this project. Instrument limitations and incomplete knowledge 
as to the exact elevation of balloon release points precluded 
the possibility of analyzing constant pressure surfaces for the 
network area. 
The upper air data were suitable for the construction of 
space- and time-altitude cross sections and trajectory charts. 
The manner of plotting and analyzing the two types of cross 
sections followed conventional procedures. 
Trajectory charts were constructed by plotting the signi-
ficant points along the path of the radiosonde instrument as 
projected to the horizontal plane. Radiosonde data and upper 
winds were plotted at each point. All simultaneous releases 
were plotted on the same chart. 
Radar Data 
Radar data from the 200-mile range PPI and the 40-mile 
range off-center PPI were used in the analysis of mesosystems. 
The PPI data for 200-mile range was used in the analysis 
of the hourly surface sectional charts of the area which sur-
rounded the Ohio Network. The echoes were traced on the charts. 
The position of the echoes gave a more detailed picture of the 
precipitation areas and squall line positions than could be ob-
tained with hourly observations alone. 
Off-center PPI with a range of 40 miles was used in the 
analysis of precipitation in the network. The echoes were traced 
on network charts. Movement of the echoes helped in determining 
the velocity and location of precipitation cells. 
A special type of analysis developed by Fujita (3) was un-
dertaken with off-center PPI data. Time sections were made of 
the radar echoes to show the change of the shape of echoes with 
time. Time sections were constructed at 1-minute intervals 
along a strip perpendicular to the direction of movement of the 
echo. The width of the strip was equal to the distance the echo 
would move in a minute. These individual 1-minute strips were 
combined to give a time section for the period of time being 
studied. 
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A particular application of time sections of radar echoes 
was the study of a radiosonde sounding to determine the reason 
for descent of the instrument. In this case, the 1-minute strips 
were perpendicular to the path of the balloon at the times of the 
strips. The analysis showed the balloon entered the cloud out-
lined by the radar echo. 
U. S. Weather Bureau Surface Data 
Surface data from regular reporting stations surrounding 
the Ohio Network were plotted on sectional charts for each hour 
during the period of study for each situation. The method of 
analysis was the conventional synoptic technique. When the meso-
systems that crossed the network were large enough to be detected 
on the synoptic scale, a mesoanalysis using the techniques al-
ready described was made. 
-20-
TYPICAL MESOSCALE PATTERNS 
Detailed mesoanalyses have been made of the various meteor-
ological parameters for 28 situations. These analyses have shown 
that the small-scale fluctuations observed on autographic records 
of the various parameters are not 'noise' but actually small-
scale systems which can be followed from station to station in 
a manner analogous to following highs and lows on a synoptic 
chart. The size of the small-scale systems varies over a wide 
range. Other investigators have found mesosystems with diameters 
of 200 miles, while mesosystems as small as two miles in diameter 
have been found by this project. These observations of systems 
of various sizes indicate that the size spectrum of meteorological 
systems is probably continuous from about 1000 miles in diameter 
down to the smallest micrometeorological variations that instru-
ments are capable of recording. The particular part of the size 
spectrum which can be studied depends on the type of instruments 
used and the size and density of the network of instruments 
available. For example, large polar highs can be analyzed using 
6-hourly observations from stations as much as 200 miles apart, 
while a study of pressure and wind distribution in a dust devil 
would require measurements at intervals of a few seconds from 
accurate fast response instruments a few yards apart. This 
report deals with mesosystems on the order of two to ten miles. 
Types of Systems Studied 
The knowledge of small-scale systems which could be gained 
from the study of Thunderstorm Project data has been limited by 
the type of instruments, the recording methods, and' the spacing 
of instruments. The 10- by 20-mile area covered by stations 
spaced two miles apart, from which data were obtained for the 
studies described in this report, imposed the following restric-
tions on the systems studied. First, no system larger than 10 
by 20 miles could be analyzed in detail at a given time. Second, 
no system less than two miles in diameter could be studied in 
detail, since it would only affect one station at a time. Third, 
the size of the system and its speed of movement determined 
whether or not changes of the system with time could be evaluated. 
The 28 situations which were studied had systems which 
varied considerably in size. Some of the situations had systems 
small enough to be seen in detail at a given time, but many of 
the systems were larger than the network so that they had to be 
studied in sections as they moved across the network. 
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When the analysis of several situations had progressed to 
the point where comparisons could be made, it was noted that the 
pressure pattern was the best criterion for identifying the sys-
tems. Therefore, several types of systems have been defined 
according to the pressure pattern. The identification of the 
systems was based on the sign of the initial pressure changes 
and the areal extent of the pressure change. If the pressure 
change was restricted to a small area with a diameter of 2 to 
10 miles, the system was defined as cellular. The magnitude of 
the pressure change with the cellular systems was usually great-
est at the center of the cell and decreased with increasing dis-
tance from the center. The passage of cellular systems was not 
recorded by all network stations if the diameter of the system 
was less than the length of the network. 
If a pressure disturbance was observed at all network 
stations and the width of the disturbed region was less than 
the dimensions of the network, it was called a line of pressure 
change. Since the line, by definition, extended outside the 
network, it might be long enough to be apparent on detailed 
synoptic charts. 
The five general types of pressure patterns which were 
defined by considering the initial sign and areal extent of the 
pressure changes were: 
(1) cellular pressure rises 
(2) cellular pressure falls 
(3) lines of pressure rises 
(4) lines of pressure falls 
(5) systems with no pressure change 
The general types of systems with pressure change were further 
subdivided by considering the changes in the other parameters 
in the vicinity of the pressure pattern. The various types of 
pressure patterns and the subdivisions are discussed in the 
following paragraphs. 
Cellular Pressure Rises 
The most frequently observed type of cellular pressure rise 
is the thunderstorm high. This type of pressure system is as-
sociated with shower-type precipitation, cold air at the surface, 
and diverging surface winds. 
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Cellular Pressure Falls 
The cellular pressure falls may be separated into two types 
according to the wind pattern. These subdivisions are the meso-
low and mesocyclone. A mesolow is a small area of low pressure . 
If an area of low pressure has cyclonic circulation around it, 
it is called a mesocyclone; otherwise it is referred to as a 
mesolow. 
Lines of Pressure Rises 
Lines of pressure rises have been classified as pressure 
jumps or pressure surges according to the mechanism which pro-
duced them. The pressure jump is caused by a wave on an inver-
sion surface and may or may not have associated changes in the 
other meteorological parameters. A pressure surge is a line of 
pressure rises produced by the advection of cold air and is 
usually accompanied by precipitation. 
Lines of Pressure Falls 
Pressure falls along a line have been separated into meso-
troughs and depression-type waves. These systems usually have 
increasing winds in the region of falling pressure ahead of the 
trough and decreasing winds in the region of rising pressure 
. behind the trough. The mesotrough is a line phenomenon in which 
the pressure falls and rises, returning to its undisturbed value. 
The temperature and moisture fields do not show significant 
changes. 
The depression-type wave is a line phenomenon in which the 
pressure drops rapidly and then rises more rapidly but does not 
return to its former value. In the depression-type wave the 
temperature and moisture fields may show changes in the form of 
warming and desiccation behind the trough. 
Systems with No Pressure Change 
In addition to the mesoscale systems described above, 
disturbances in the various parameters except pressure are 
sometimes noted. Examples of these systems will be presented, 
as well as examples of the types based on pressure patterns, 
in a later section of this report. 
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Characteristics of Mesoscale Fatterns 
The analyzed patterns of the various parameters sometimes 
show considerable variations in gradients and smoothness of the 
isopleths. Other situations may show relatively uniform gradients 
and smooth isopleths. This difference between the two situations 
is caused by the nature of the disturbances that are being ana-
lyzed. Some situations may have large amplitude disturbances, 
but the shape of the disturbed trace is smooth with no super-
imposed small-scale disturbances or irregularities, while other 
situations do have smaller scale disturbances on the major dis-
turbance. 
An example of the smaller scale fluctuations which may 
occur is shown by the traces on the time section in Figure 1. 
(For the convenience of converting time sections to space sec-
tions the traces are reversed so that time increases from right 
to left.) The pressure trace shows several small fluctuations 
in pressure as the high moved across the station. These small 
fluctuations will appear in the analyzed pressure pattern as 
variations in the isobar spacing and smoothness. 
The rainfall rate curve shows no rainfall except during the 
passage of the intense shower at l800*. The analyzed rainfall 
pattern may not show the second small peak in rainfall rate if 
this peak appeared only at a single station. 
The temperature curve shows no small fluctuations during 
the large drop, hence the temperature pattern should show smooth 
isotherms without the small irregularities that would be shown 
by the pressure pattern. 
The dew point curve was computed from the temperature and 
humidity curves. The large fluctuations in humidity also occur 
in dew point, since no opposite fluctuations in temperature 
occurred to hold the dew point steady. These dew point fluctu-
ations are large enough to appear in the analyzed pattern as 
many small closed centers of low or high dew points resulting 
in considerable irregularity in the isodrosotherms. 
The' smoothness of the analyzed patterns, then, reflects 
the presence or absence of small-scale fluctuations superimposed 
on the major disturbance. 
*All times are EST unless otherwise indicated. 
FIG. I TIME SECTION FOR STATION 38, 14 JULY 1947 
-25-
Examples of Mesoscale Patterns 
Examples of a number of interesting mesoscale patterns are 
shown in Figure 2 through 33. On these figures the following 
standards were used whenever possible. 
Isobars are drawn at 0.4-mb intervals. 
Wind direction is in degrees. 
Wind speed is in miles per hour. One barb equals 10 mph. 
Isotherms are drawn at 2 P intervals. 
Relative humidity isograms are drawn at 5 percent intervals. 
Isallohyets (rainfall rate isograms) are drawn at intervals 
of 0.2-inch per five minutes. 
Isodrosotherms (dew point isograms) are drawn at 2 P 
intervals. 
Mixing ratio isograms are drawn at intervals of 1 gram per 
kilogram. 
The outline of radar echoes is drawn as a heavy solid line. 
On several figures where the systems have weak gradients it has 
been necessary to add intermediate isograms to show adequate 
detail; e.g., the isallohyets in Figures 19, 21, 22, and 23. 
Heavy dash-dot lines have been used to illustrate the position 
of trough lines in several cases. 
Thunderstorm Highs 
The various aspects of thunderstorms which were studied by 
the Thunderstorm Project have not been repeated in this study. 
Since the data studied are the same data collected and studied 
by the Thunderstorm Project, no significant new findings can be 
reported concerning the structure of and weather associated 
with thunderstorms. Typical surface weather conditions under a 
thunderstorm cell, according to Byers et al (4), are as follows: 
Rain lasts for 24 minutes with the heaviest rain rates 
occurring 2 to 3 minutes after the first rain reaches 
the ground. Strong divergence is indicated by winds 
blowing radially outward from the point where the down-
draft reaches the surface. Highest wind speeds occur 
on the downstream side of the storm. 
The cold downdraft causes a surface temperature drop 
which spreads out to cover an area larger than the rain 
area. The temperature minimum is reached 10 to 15 min-
utes after the cold downdraft first reaches the surface. 
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The humidity usually rises beneath the shower but brief 
humidity drops of 10 to 20 percent or greater may be 
observed in the rain area. The 'humidity dips' are 
attributed to desiccation of the downdraft. 
The dome of cold air found beneath a mature thunderstorm 
contributes to an increase of pressure which is called a 
pressure dome. In addition, a pressure nose may be 
superimposed on the pressure dome. The lack of balance 
between convergence aloft and surface divergence at the 
commencement of the mature stage of the thunderstorm has 
been given as an explanation for the pressure nose. 
The above features of thunderstorms are illustrated in the 
following examples. In these examples it will be seen that 
mesoanalysis technique brought out more detail in the meso-
systems than the method of analysis used by the Thunderstorm 
Project. The fine detail in mesoanalysis was made possible by 
the use of time sections of the different parameters which were 
analyzed. 
Thunderstorm High of 14 July 1947. The thunderstorms which 
crossed the network on 14 July were part of a squall line which 
extended from southeastern Indiana to eastern Michigan. These 
storms were very intense as indicated by the surface weather 
changes. For example, the pressure rose 2.4 mb, temperature 
dropped 22 P, maximum rainfall rate was 0.60 inch per five min-
utes, and winds to 40 mph were recorded in the network. 
The thunderstorm which is illustrated in Figures 2 to 5 
approached the idealized thunderstorm described by Bleeker and 
Andre (5). Heavy rain was falling from the thunderstorm as it 
moved onto the network. At 1755 (Fig. 2) the temperature break, 
wind shift, onset of rainfall, and the rise of pressure were 
nearly coincident in the southern portion of the storm. They 
were not coincident to the north due to a recently dissipated 
thunderstorm in that area. There was radial outflow in all 
quadrants of the high, but it was strongest in the eastern and 
southern quadrants due to translation of the thunderstorm. 
Until 1800 (Fig. 3) the thunderstorm showed little change 
except for movement. Between 1800 and 1805 (Fig. 4) the rainfall 
rates decreased in the thunderstorm. At the same time pressure 
decreased in the associated thunderstorm high. There was no 
comparable decrease in the temperature gradient west of the 
temperature break. 
FIG. 2 THUNDERSTORM HIGH OF 14 JULY 1947 
FIG. 3 THUNDERSTORM HIGH OF 14 JULY 1947 
FIG. 4 THUNDERSTORM HIGH OF 14 JULY 1947 
FIG. 5 THUNDERSTORM HIGH OF 14 JULY 1947 
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At 1810 (Fig. 5) the thunder storm was approaching the stage 
of dissipation. The high decreased in intensity. Outflow also 
decreased. The small high cell over the extreme southern por-
tion of the network was a new thunderstorm. 
Further details of this study may be found in the Fourth 
Quarterly Technical Report of this project. 
Thunderstorm High of 11 June 1947. An isolated cold front 
thunderstorm crossed the network on 11 June (Figs. 6-8). Surface 
weather changes with this storm were only about one-half as great 
as the changes which occurred with the intense 14 July thunder-
 storm. 
The total rainfall pattern with this storm was very narrow 
with steep rainfall gradients. The maximum total rainfall was 
0.90 inch, while the zone of precipitation greater than 0.25 inch 
was only 3 miles wide. Along the northern edge of the precipita-
tion zone isohyets drawn at 0.25-inch intervals were spaced about 
a half mile apart. 
The pressure rose about one millibar and the temperature 
dropped 10 F in 30 minutes across the central part of the net-
work. Both temperature and pressure traces showed evidence of 
two separate cells in the thunderstorm. 
At 1425 (Fig. 6) one cell of the thunderstorm high began 
to move into the network area. A second cell under the forward 
edge of the radar echo produced some precipitation and a small 
pocket of cold air. 
At 1435 (Fig. 7) the central pressure and area of the 
eastern high increased while the central portion of the western 
high decreased. The winds showed a slight tendency to blow 
radially outward from the highs, while the low southeast of the 
highs was apparently so small it did not affect the winds. 
The showers had grown and consolidated so that the rain 
area was enclosed by a single zero isohyet. The western bound-
ary of the rain area had advanced to the western edge of the 
network. 
Temperatures had dropped several degrees in the rain area 
while a line of high dew points was located along the leading 
edge of the cold air. 
At 1445 (Fig. 8) a broad ridge of high pressure extended 
across the central part of the network. The cold air had spread 
FIG. 6 THUNDERSTORM HIGH OF II JUNE 1947 
FIG. 7 THUNDERSTORM HIGH OF 11 JUNE 1947 
FIG. 8 THUNDERSTORM HIGH OF 11 JUNE 1947 
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out and the dew point peaks were less pronounced. The radar 
echo and rain area had continued moving northeastward. 
Subsequent to 1445 the disturbances moved further eastward 
out of the network. A broad ridge of slightly higher pressure 
and a zone of cooler air remained along the path of the thunder-
storm for about another hour. After 1545 variations in the 
meteorological parameters had decreased so that no organized 
pattern of disturbance remained. 
For further details see the Ninth Quarterly Technical 
Report of this project. 
Squall Zone of 14 August 1947. On 14 August several bands 
of thundershowers crossed the Ohio Network. These bands of 
showers were well ahead of a slow-moving cold front which extended 
southwestward from a low pressure area, located north of the Great 
Lakes into Illinois and westward into Kansas. 
All thunderstorm activity on 14 August in the Ohio Network 
was of the air mass squall-zone type. In this type of weather 
situation, lines of thunderstorms occur in a broad band of con-
vective activity. 
Several charts have been chosen from the period 1410-1530 
for discussion. It will be seen from these charts that the dis-
turbances were mainly cellular in character. 
In Figure 9, the charts for 1420 show the thundershowers 
shortly after they entered the northern part of the network. 
The pressure gradient as shown in Figure 9a was weak. Winds were 
southwesterly in the southern half of the network at 5 to 10 mph 
and variable in the north. Temperatures (Fig. 9b) ranged from 
88 F in the south to 78 F in the north where two cold pockets 
were located. Dew points ranged from 76 F in the south to 80 F 
in the north near one of the" cold air pockets. At the position 
of the other cold air pocket, the air was comparatively dry with 
a low dew point of 70 F. The radar echo (Fig. 9d) was over the 
northern part of the network with the area of precipitation 
situated under the echo. 
At 1430 (Fig. 10a) four cellular highs were present in the 
network. Pockets of cold dry air were located at the same posi-
tions as the three northern highs. Figure 10c shows that low 
dew points were also near the three highs. Winds were blowing 
outward from the highs (Fig. 10a). The heaviest precipitation 
was near the three northern highs. 
FIG. 9 SQUALL ZONE OF 14 AUGUST 1947 
FIG. 10 SQUALL ZONE OF 14 AUGUST 1947 
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Figures 11 and 12, at 1440 and 1450, show the eastward 
movement and joining of the cells of high pressure in the 
northern part of the network and development of a. new cell in 
the south. By 1450 the cold air had spread over much of the 
northern half of the network. The precipitation intensity had 
decreased and from that time to 1510 dissipation of the thunder-
showers continued. 
Further information on this case study may be found in the 
Seventh Quarterly Technical Report of this project. 
Mesolows and Mesocyclones 
Mesolows may occur as isolated disturbances or they may 
occur in the vicinity of other mesosystems. In the examples to 
be shown here, one situation had mostly thunderstorm highs while 
the other situation had several mesolows and mesocyclones which 
crossed the network without other mesosystems in the vicinity. 
Since only one outstanding example of a mesocyclone has 
been observed, it appears that this type of disturbance does not 
often occur. In view of the infrequent occurrence of these 
systems no generalizations will be made about typical weather 
changes with mesolows and mesocyclones. The significant features 
of the systems are included in the discussion of the case studies. 
Mesolows and Thunderstorm Highs of 13 June 1947. On 13 
June a north-south line of thunderstorms crossed the Ohio Net-
work. The line of thunderstorms together with a temperature 
drop and wind shift represented the passage of a squall line 
which was located about 100 miles ahead of a cold front. 
Extremely sharp changes in the various meteorological para-
meters did not occur with the passage of this squall line. The 
10-degree temperature drop which accompanied the squall line was 
accomplished during a time period ranging from 90 minutes in the 
northern part of the network to 30 minutes in the southern part 
of the network. At one or two isolated stations, the rate of 
temperature drop was momentarily increased by the rainfall. 
Pressure variations were generally small with most distur-
bances not exceeding 0.5 mb. The only exception was a small 
high in the extreme southeast corner of the network which had 
a central pressure 1.5 mb higher than the undisturbed pressure. 
Rainfall amounts ranged from 0.13 inch in the northern part 
of the network to 1.43 inches in the southern part of the network. 
FIG. 11 SQUALL ZONE OF 14 AUGUST 1947 
FIG. 12 SQUALL ZONE OF 14 AUGUST 1947 
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Winds were from the south 5 to 7 mph ahead of the squall 
line. During the squall line passage the wind shifted to west 
or northwest with an increase in speed to 15 to 20 mph. Behind 
the squall line the wind again returned to south 5 to 10 mph. 
Strong gusts in the rain area were infrequent. Although two 
stations had gusts to 40 mph the average gust speed was 21 mph. 
At 1920 (Fig. 13) a weak ridge of higher pressure extended 
southward from the north edge of the network. The pressure pat-
tern in the vicinity of the low pressure cell embedded in the 
ridge fits the definition of a mesolow given previously. These 
small pressure centers were moving toward the north-northeast; 
hence, the mesolow is located in the wake of the thunderstorm 
high at the northern edge of the network. 
Examination of the other parameters shows that the mesolow 
was in the cool air behind the temperature break line and was in 
a region of no precipitation. 
At 1930 (Fig. 14) a plethora of small pressure systems was 
scattered over the network. Most of these systems had developed 
in the 10 minutes between maps. The mesolows tended to be lo-
cated in regions of no rain or light rain, while the thunderstorm 
highs were associated with the heavier rain rates and colder air. 
At 1940 (Fig. 15). the high in the southwest corner of the 
network moved northeastward while a closed high center formed in 
the center of the network. The low which had been near the cen-
ter of the network moved northward and split into two centers. 
The two highs in the northern part of the network combined into 
a single elongated high while the two lows filled. 
The winds were gradually returning to the south except in 
the vicinity of the small pressure centers. 
The temperature had leveled off at about 70 P except for 
the two centers of cooler air in the west central and southwestern 
parts of the network. 
At 1950 (Fig. 16) the small pressure centers moved north-
eastward with some changes in shape and central pressure. A 
new high with a much higher central pressure moved onto the 
southeast corner of the network. 
Additional cooling took place in the southwest corner of 
the network while the pocket of cold air in the central part of 
the network moved northeastward and cooled slightly. 
FIG. 13 MESOLOWS AND THUNDERSTORM HIGHS OF 13 JUNE 1947 
FIG. 14 MESOLOWS AND THUNDERSTORM HIGHS OF 13 JUNE 1947 
FIG. 15 MESOLOWS AND THUNDERSTORM HIGHS OF 13 JUNE 1947 
FIG. 16 MESOLOWS AND THUNDERSTORM HIGHS OF 13 JUNE 1947 
FIG. 17 MESOLOWS AND THUNDERSTORM HIGHS OF 13 JUNE 1947 
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The humidity pattern became more complex with drier air 
pushing in across the network south and east of station 'D'. 
The line of showers had then reached the eastern column of 
stations. Two small rainfall rate centers were associated with 
the radar echoes behind the main band. 
At 2000 (Fig. 17) the large high which had been located in 
the southeast corner of the network ten minutes earlier moved 
northward with considerable decrease in central pressure. A low 
moved onto the network from the south behind the high. 
Temperature contrasts over the network decreased while 
variations in relative humidity increased. 
After 2000, small systems continued to move across the 
southeastern corner of the network for about another half hour. 
The pressure systems gradually decreased in amplitude and the 
gradients of the other parameters also decreased. 
For further details see the Seventh Quarterly Technical 
Report of this project. 
Mesocyclones of 13 May 1947. The only outstanding example 
of mesolows and mesocyclones observed in the Thunderstorm Project 
data were the systems which occurred on 13 May. These systems 
were observed slightly ahead of a weak cold front which extended 
southward from a low centered over southern Lake Michigan. 
Three thunderstorms crossed the Ohio Network on this date. 
These storms were unique in that they were associated with meso-
scale low pressure areas rather than the classic thunderstorm 
high. One of these storms is illustrated in Figures 18 and 19. 
Rain began to fall from this thunderstorm at 1655 (Fig. 18) 
as it moved onto the southwestern edge of the network. At this 
time the associated low cell was in the formative stage. The 
surface temperatures in the vicinity of the low were warm com-
pared to those of the surrounding area. Five minutes later, at 
1700 (Fig. 19), cooling had begun in the vicinity of the low. 
This cooling was due to the evaporation of the precipitation 
which was falling east of the low cell. The high over the 
southeastern portion of the network originated with a previous 
disturbance, but a section of it remained stationary until it 
was overtaken by the rain area being discussed. There was no 
detectable outflow from the high or the area of precipitation. 
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The wind did not blow cyclonically about the low in the 
conventional manner; however, the wind was affected by the chang-
ing pressure gradient. As the low pressure area passed successive 
stations there was a marked clockwise shift in the wind direction. 
As the disturbance moved eastward, the rain area, radar echo, 
and the low cell increased in size. In the 10-minute period from 
1655 to 1705 the area of the radar echo approximately doubled. 
Rainfall rates increased from 0.05 inch per five minutes during 
the same period. The low deepened 0.4 mb. 
The area of minimum temperature tended to lag behind the 
area of maximum rainfall rates. There was still no appreciable 
outflow from the rain area at 1705 (Fig. 19), but there was some 
evidence of increased cyclonic wind shifts with the low. 
By 1710 (Fig. 19) the low had deepened an additional 0.4 mb. 
Unfortunately, the rain area was off the network at that time and 
the analysis is doubtful. At this time there were wind reports 
only in the southern portion of the low, but there is good evi-
dence of cyclonic rotation. 
This mesoscale disturbance described is typical of several 
which crossed the Ohio Network on this date. There appeared to 
be an interdependence between the low and the rain cell develop-
ment, since the low cells and rain areas developed or dissipated 
simultaneously. Only light rainfall, if any, occurred near the 
low centers. 
Although the wind field was not the same as in large-scale 
weather phenomena, there was evidence of a pattern. In the 
early stages of development of the low cell there was only a 
slight shifting of the wind as the low passed successive sta-
tions. As the low developed the shift became more pronounced 
until there was cyclonic circulation, having a large component 
perpendicular to the isobars. 
Lines of Pressure Rises 
During the spring and summer of 1947 several lines of pres-
sure rises crossed the Ohio Network. These line disturbances 
were larger than the network; therefore, only a section of them 
could be studied. 
Lines of pressure rises have been studied in detail by 
Williams (6), Tepper (7), and Fujita (8). Some of the data 
used by these investigators was taken from the Thunderstorm 
FIG. 18 MESOCYCLONES OF 13 MAY 1947 
FIG. 19 MESOCYCLONES OF 13 MAY 1947 
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Project. Each approached the study of line disturbances from 
a different direction and with different explanations for the 
cause. However, there is reasonable agreement as to what occurs 
when this type of line phenomenon crosses an area. 
It is agreed that most lines of pressure rises are accompanied 
by thundershowers or, at least, cumulus buildups, wind shifts, and 
gustiness. Frequently, appreciable drops in temperature in the 
order of 10 to 15 F occur in 5 to 10 minutes. There are excep-
tions in which no precipitation occurs, the temperature fails to 
drop, and the wind does not shift. One of the examples to be 
presented here falls into that category. No precipitation 
occurred with the passage of the line referred to, but approx-
imately 30 minutes later showers traveled across the network. 
There have been some efforts to determine the sequence of 
events accompanying lines of pressure rises. Williams (9) 
treated this problem qualitatively. He indicated in the seven 
case studies he chose that the pressure rise, wind shift, and 
drop in temperature occurred with the passage of the squall lines 
and the rain and rise in relative humidity to 100 percent occurred 
immediately afterwards. Tepper (7) went a step further and for 
one case study using 1948 data from the Ohio Network gave the 
sequence of events in terms of minutes or fractions thereof. The 
results arrived at were an average for all stations in the net-
work. The order of events was (1) pressure jump, (2) wind shift, 
(3) temperature drop, (4) wind speed maximum, (5) rain gush, and 
(6) maximum pressure. 
The following examples show some of the detailed features 
of lines of pressure rises: 
Cold Frpnt of 21 September 1947. A strong cold front crossed 
the Ohio Network on the evening of 21 September. This front which 
had earlier moved into the circulation of a dissipating hurricane 
was accompanied by large pressure rises and temperature falls. 
The pressure rises were as large as three millibars in five min-
utes, and the temperature drops were in the order of 15-20 F in 
20 minutes. 
The line of pressure rises accompanying the cold front may 
be classified as a pressure jump line or pressure surge depending 
upon the interpretation of the cause of the rises. If the phenom-
enon is considered a pressure jump line, this implies that a 
gravity wave existed just ahead of the front. The fact that the 
pressure started rising before the temperature fell supports this 
theory. The interpretation of the phenomenon as a pressure surge 
comes from the fact that there was cold air advection and that 
the steepest part of the pressure rise occurred approximately at 
the time of the large temperature falls. 
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The charts in Figures 20 to 23 show the movement of the cold 
front across the network. At 1925 (Fig. 20) the undisturbed pres-
sure, wind, temperature, and moisture fields are shown. At 1935 
(Fig. 21) the cold front was entering the northwest corner of the 
network. A mesolow was embedded in the line of pressure rises. 
An examination of the charts following this time shows that sev-
eral mesolows developed along the front. 
The front can be followed across the upper part of the net-
work on the illustrations. There occurred in sequence: a sharp 
rise in pressure and accompanying wind shift, a drop in temper-
ature, a rise in moisture, followed by a sharp drop in moisture, 
and then the onset of precipitation. 
The wind shifted rapidly from southerly 5 to 10 mph to 
northwesterly 20 mph with gusts to 50 mph as the storm crossed 
the network. Rainfall rates at the forward edge of the precip-
itation area were large, being as high as 0.20 inch per five 
minutes. 
As the line of pressure rises moved into the lower part of 
the network the pressure gradient became weak in the upper part 
of the network. Rain became light and the temperature leveled 
off at about 60 F. The moisture gradient was also weak. 
Pressure Jump of 15 September 1947. During the early 
morning hours on 15 September a small pressure jump moved across 
the Ohio Network. The pressure jump, located 25 miles ahead of 
a cold front, moved from northwest to southeast about 34 mph. 
Although the pressure rose about one millibar in two to four 
minutes, the wind remained calm at all network stations during 
the passage of the jump. 
The pressure, temperature, and humidity patterns, as the 
pressure jump moved across the network, are shown in Figures 24 
and 25. No winds are shown, since the wind remained calm during 
the period of analysis. No precipitation occurred with the 
pressure jump; however, two small showers moved east-northeast-
ward across the extreme southern part of the network about one-
half hour after the passage of the pressure jump. 
Temperature variations were small, not exceeding 3 F. A 
small temperature rise and a humidity dip followed the pressure 
jump by five to ten minutes. 
At 0530 (Fig. 24 a,b) the pressure jump had just moved onto 
the network. The pressure gradient was flat except in the 
vicinity of the jump. The temperature pattern showed only a 
gradual increase from 61 F in the southwest to 66 F in the north-
east. The humidity pattern showed a region of high humidity 
FIG. 20 COLD FRONT OF 21 SEPTEMBER 1947 
FIG. 21 COLD FRONT OF 21 SEPTEMBER 1947 
FIG. 22 COLD FRONT OF 21 SEPTEMBER 1947 
FIG. 23 COLD FRONT OF 21 SEPTEMBER 1947 
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extending southwestward from the northeast corner of the network. 
At 0540 (Fig. 24 c,d) the pressure jump had a north-south 
orientation over most of the network. Variations in the highest 
pressure at the jump were shown by the ridges and the small high 
immediately behind the region of strong gradient. Very little 
change had taken place in the temperature and humidity patterns. 
Ten minutes later at 0550 (Fig. 25 a,b), three small highs 
were located just to the rear of the strong pressure gradient. 
The high which was between stations 'E' and 'F' at 0540 had 
split into two small highs. A larger high was located in the 
northeast corner of the network. 
Warming behind the pressure jump showed as a southward 
bulging of the isotherms, especially in the north-central part 
of the network. Humidity values had decreased in the central 
part of the network. 
At 0600 (Fig. 25 c,d) the steep gradient and the small high 
in the southeast corner of the network were all that remained of 
the pressure jump. The gradient was again weak over the network 
although the pressure was about a millibar higher than before 
the jump. The temperature rise behind the jump was not as marked 
as at 0550. The humidity had continued to decrease in the cen-
tral part of the network. A cell of relatively low humidity 
was located at the southeast corner of the network where slight 
warming behind the jump was also taking place. 
For further details see the Sixth Quarterly Technical 
Report of this project. 
N 
Lines of Pressure Falls 
The simplest type of line of pressure falls is the meso-
trough. The pressure fall with the mesotrough is usually small 
and the pressure returns to the prefall value after the trough 
has passed. In general, the changes in temperature are very 
slight with a mesotrough. 
Another type of line of pressure falls which has been ob-
served is called a depression-type wave. Pressure falls of 
five millibars or more have been observed with this type of 
disturbance. Although the depression-type wave appears as a 
line of falls in the network, there is evidence that this 
phenomenon does not necessarily occur along a long line and is 
often found downwind from a mesohigh. Some phenomena of this 
type, due to the proximity of the high, appear to be located in 
the wake of the high and have accordingly been called "wake 
depressions." 
FIG. 24 PRESSURE JUMP OF 15 SEPTEMBER 1947 
FIG. 25 PRESSURE JUMP OF 15 SEPTEMBER 1947 
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There is usually a strong increase in the wind speed ahead 
of the trough line with a depression-type wave. At the trough 
line the wind speed usually decreases rapidly. Cessation of 
rain, rapid clearing, and drying of the air behind the trough 
line have been noted. 
The depression-type wave appears to be a larger scale 
phenomenon than the other types of mesosystems. Examples of a 
depression-type wave as shown by synoptic scale observations 
are given in this project's Ninth Quarterly Technical Report. 
Trough of 29 August 1947. An inspection of the barograms 
of the Ohio Network for this data revealed the occurrence of a 
mesoscale trough, oriented northeast to southwest, which moved 
generally southeastward. The speed of the trough as it crossed 
the network averaged 35 mph. In the northern portion of the 
network there were weak high pressure areas behind the trough. 
Precipitation was not observed with this trough. Weather 
observers at Clinton County Army Air Field reported an overcast 
layer of altocumulus-altostratus clouds at 16,000 feet at the 
time of the trough. Low clouds were not reported by any of the 
weather stations near the Ohio Network. The major synoptic 
feature at the time the trough was over the network was a sur-
face ridge extending from southeastern Canada to Tennessee. 
Figure 26 illustrates the analyses of pressure and temper-
ature as the trough crossed the network. The trough line was 
a line of lowest temperature, but there was no clear-cut tem-
perature pattern associated with the mesoscale highs which 
followed the trough. 
Of particular interest is the wind pattern associated with 
this disturbance. Prior to the approach of the trough, the 
pressure gradient over the network was relatively flat, having 
a magnitude of only 0.1 mb per six miles. The wind was calm. 
In the trough the pressure gradient increased to values as high 
as 1.2 mb per six miles. As the trough approached a recording 
station, the air began to move toward the area of lowest pressure. 
Behind the trough line, in the area of rising pressure, the wind 
again became calm even though steep pressure gradients continued 
to exist in that area. For details see the Seventh Quarterly 
Technical Report of this project. 
Depression-Type Wave of 5 June 1947. A weak depression-
type wave crossed the Ohio Network on 5 June. The weather was 
not noticeably affected by the pressure falls that occurred. 
At the time the phenomenon crossed Ohio, a stationary front 
FIG. 26 TROUGH OF 29 AUGUST 1947 
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was located to the north and extended from Lake Ontario to a 
low pressure area over northern Lake Michigan. The depression-
type wave could be identified on the synoptic scale as a trough 
approximately 200 miles in length. 
At 1304 the depression-type wave entered the northwestern 
corner of the network and by 1340 had crossed to the southeastern 
corner at an average speed of 34 mph. The movement of the wave 
can be followed in Figure 27. The winds were southerly over the 
network with speeds being predominantly 20 mph. Speeds ranged 
from 5 to 30 mph. It was found that there was no clear-cut 
discontinuity in the wind field associated with the trough. 
At 1315 (Fig. 27a) the depression-type wave had entered the 
network. In the trough line of the wave, a closed low was lo-
cated in the northwest part of the network. The pressure gra-
dient northwest of the trough seemed to be weaker than southeast 
of it as can be seen in Figure 27b.
At 1325 (Fig. 27c) the wave had advanced more than halfway 
across the network and the low pressure cell had become more 
elongated as it moved southeastward. It is believed that a 
series of such cells existed along the trough line. The weak 
pressure gradient behind the trough line was quite evident at 
1325. The pressure ahead of the trough at the southwestern edge 
of the network was 1016.2 mb; at the trough line, 1015.2 mb; and 
behind the trough at the northwestern edge of the network, 1015.6 
mb. 
By 133P (Fig. 27d) the wave had moved to the southeastern 
corner of the network. The pressure gradient was weak behind 
the trough line. A weak area of low pressure extended from the 
southern part of the network into the central part. 
For further details see the Eighth Quarterly Technical 
Report of this project. 
Depression Type Wave of 13 July 1947. The 13 July barograms 
from Thunderstorm Project network showed interesting pressure 
variations. During the evening, the pressure fell rapidly for 
a half hour and then rose more rapidly during the following 15 
minutes. The total pressure fall exceeded 5 mb at some stations. 
The depression-type wave entered the northwest corner of 
the network at 2005. The wave was composed of a single trough, 
except in the extreme northeast corner of the network, where 
there was a double trough. The average speed of the trough was 
23 mph. 
FIG. 27 DEPRESSION-TYPE WAVE OF 5 JUNE 1947 
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This depression-type wave was observed over the network 
shortly after the passage of a squall line. The portion of the 
squall line which passed over the network, however, was quite 
weak. 
At 2020 (Fig. 28 a,b) the trough of lowest pressure had 
moved well onto the network. The increase of wind speeds in 
the region of rapidly falling pressure and the decrease of wind 
speeds behind the trough are shown on the figure. The drying 
out of the air behind the trough is indicated by the cessation 
of rain and the region of low humidity and warm air behind the 
trough. 
At 2030 (Fig. 28 c,d) the trough had continued to deepen. 
A new cell of warm, dry air may be seen located behind the 
trough. The precipitation pattern in the vicinity of the 
larger, more intense low may be an indication that the circu-
lation around the low extended upward several thousand feet. 
The precipitation on the east side of the low extended north-
ward while on the west side of the low the region of no rain 
had been pushed southward. A small closed low with cyclonic 
circulation would explain this precipitation pattern. 
At 2040 (Fig. 29 a,b) a third closed low had formed along 
the trough line. At this time the lagging of the wind shift 
line behind the trough line is quite noticeable. The winds on 
the western edge of the network continued to blow from the south 
even though the trough had passed. 
At 2050 (Fig. 29 c,d) the trough had begun to fill. The 
cells of warm, dry air had nearly disappeared. 
During the passage of the depression-type wave across the 
network the radar showed a stratiform-type echo over the net-
work. The trough of lowest pressure was located under the 
trailing edge of this echo. 
Further information may be found in the Fifth Quarterly 
Report of this project. 
Systems with No Pressure Changes 
Several disturbances without pressure changes occurred in 
the Ohio Network during 1947. These were of two main types: 
(1) the line-type phenomenon and (2) the cellular-type phenom-
enon. An example of each of these types is given. 
FIG. 28 DEPRESSION TYPE WAVE OF 13 JULY 1947 
FIG. 29 DEPRESSION TYPE WAVE OF 13 JULY 1947 
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It is not understood why such phenomena sometimes occur 
without accompanying changes in pressure, and the answer could 
not be determined from the data available. However, it is 
believed that a lack of variation of wind with height may help 
prevent changes in pressure, just as Willett (10) indicates 
strong winds aloft in the vicinity of a thunderstorm may cause 
a large pressure rise due to a damming effect. 
In the line-type phenomenon which is presented, the tem-
perature drops along a line and this drop is accompanied by a 
wind shift. In the cellular-type phenomenon, there is an area 
of cool air accompanying precipitation and outflow from the 
area, Pressure rises would be expected with such disturbances, 
but in this case they did not appear. 
Temperature Drop Line of 22 August 1947. A temperature. 
moisture, and wind discontinuity moved across the Ohio Network 
during the afternoon of 22 August. A study was made of this 
situation because the pressure remained undisturbed. The line 
of temperature drops was a few miles ahead of a weak cold front 
that extended across Ohio north of the network. A weak low 
pressure area was located over the state. 
Figure 30 shows the temperature drop line in the eastern 
part of the network at 1350. Temperatures behind the line were 
as low as 82 P and ahead of it, approximately 90 P. Radar 
echoes appeared in the vicinity of the temperature drops and 
were moving south-southeast whereas the temperature drop line 
was moving southwest. Although there were radar echoes, no 
precipitation was recorded anywhere in the network except at 
station 'H'. 
There were two pockets of dry air just ahead of the tem-
perature drop line. Dew points were as low as 74 F in these 
areas and over the rest of the network were 76 to 79 F. 
Weak wind shifts can be seen along the temperature line. 
Winds at many of the stations shifted from northwest to north-
east. 
The movement of the temperature drop line can be followed 
halfway across the network in Figures 30 and 31. The average 
speed of the line was 11 mph. The temperature discontinuity 
was followed by pockets of cool moist air and then a warming 
trend back to the original temperature and drier air. , It is 
believed that the band of cool moist air was associated with 
the radar echoes and perhaps induced by the clouds which were 
indicated by the radar echoes. 
FIG. 30 TEMPERATURE DROP LINE OF 22 AUGUST 1947 
FIG. 31 TEMPERATURE DROP LINE OF 22 AUGUST 1947 
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Thunderstorms of 16 August 1947. This study represents a 
situation in which there was no change in the pressure associated 
with a thunderstorm, in spite of a 10 F drop in surface temper-
ature, A quasi-stationary front extended from western New York 
to eastern Kansas, and the Ohio Network was in the warm section 
of one of the stable waves along the front. 
Precipitation started to fall over the network at 1255 
(Fig. 32 a,b). There were two rain areas, one over the central 
and one over the southwest portions of the network. The rain 
areas were moving from the west-southwest at 25 mph. The cold 
pocket of air associated with the northernmost rain area ex-
isted before any measurable precipitation reached the ground. 
Precipitation was falling from the cell to the southwest before 
it reached the network. 
At 1305 (Fig. 32 c,d) the intensity of rainfall had in-
creased from a trace to 0.20 inch per five minutes. The winds 
under both radar echoes showed a slight shift toward the west. 
The area of coldest air was to the west of the radar echoes. 
Values of maximum relative humidity were located in approximately 
the same location as. the areas of minimum temperature. The cold 
pocket northwest of the radar echoes cannot be explained. 
By 1315 (Fig. 33 a,b) the northern radar echo had split. 
The associated rainfall rates decreased to less than 0.05 inch 
per five minutes. The southern rain area had increased in size 
and intensity. 
As seen in Figures 33c and d, the radar echoes and rain 
areas had moved off the network by 1325, although the area of 
iowest temperatures was at the eastern edge. After 1325 the 
meteorological parameters in the network gradually returned to 
their undisturbed values. 
Additional details may be found in the Sixth Quarterly 
Technical Report of this project. 
FIG. 32 THUNDERSTORMS OF 16 AUGUST 1947 
FIG. 33 THUNDERSTORMS OF 16 AUGUST 1947 
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RELATIONSHIP OF MES0SY3TEMS TO SYNOPTIC SCALE 
The general synoptic situation at the time of occurrence 
of mesosystems was examined briefly. It was not expected that 
these examinations of the synoptic situations would be suf-
ficiently detailed to result in the description of a specific 
synoptic pattern which would produce mesoscale disturbances of 
a definite type. 
The major problem in relating the synoptic situations and 
the type of mesosystem is the fact that the type of mesosystem 
may be quite variable over short distances. Two situations 
studied showed large pressure falls over the network while 
nearby Weather Bureau stations showed large mesohighs. An 
example of the variability of pressure changes over relatively 
short time periods in the network is the occurrence of a de-
pression-type wave which had a pressure fall of 5 mb on 13 
July, followed by a large thunderstorm high which had a pressure 
rise of 2.5 mb on 14 July. The synoptic situation did not ap-
pear to change appreciably during the 20-hour period between the 
occurrence of these systems. The 13 July situation was one of 
those mentioned above which showed a large mesohigh a short dis-
tance away from the network, although a trough was observed in 
the network. Prom these examples it appears possible that a 
single synoptic situation may produce more than one type of meso-
system, or may produce a large mesosystem which has both highs 
and lows associated with it. 
Figure 34 shows pressure profiles through various parts of 
a large mesosystem. The size of the thunderstorm project is 
indicated on the scale of miles at the lower left. The meso-
system is so large that only a small part of it could pass over 
an area the size of the Thunderstorm Project Network. The pres-
sure profiles are labeled with the type of system that would 
appear to be passing over a small area the size of the Ohio 
Network. 
The systems studied using Thunderstorm Project data were 
much smaller than the large system shown in Figure 34. It is 
possible, however, that even some of the small systems were 
part of a larger mesosystem several times the size of the 
Thunderstorm Project Network area. Studies were made of the 
region surrounding the Thunderstorm Project Network using U. S.  
Weather Bureau data for several situations where mesosystems 
were observed in the network. The results of these studies are 
summarized in Table I. 
FIG. 34 PRESSURE PROFILES THROUGH A LARGE MESOSYSTEM 
PRESSURE PATTERN ANALYZED BY FUJITA 
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TABLE I 
STUDIES OP SURROUNDING AREA DATA 
Date 
5 June 
21 September 
13 July 
2 August 
13 May 
14 July 
Type of System 
in Network 
line of pressure falls 
line of pressure rises 
line of pressure falls 
line of pressure falls 
mesocyclone 
thunderstorm high 
Type of System in 
Surrounding Area 
line of pressure falls 
line of pressure rises 
mesohigh 
mesohigh 
none 
none 
As the table shows, in two situations the systems in the 
network extended into the surrounding area and were the same in 
that area. In two other situations the system in the surrounding 
area was different from the system in the network. In the re-
maining two cases, the systems were too small to be analyzed 
using U. S. Weather Bureau data. 
Examination of Mesosystems and Fronts 
Surface synoptic charts showed that in many cases a front 
or squall line was in the vicinity of the Thunderstorm Project 
Network when mesosystems were observed in the network. For each 
case study, the type of front and the distance of the front or 
squall line from the network were tabulated. This information 
was taken from a sectional surface synoptic chart for the hour 
prior to the appearance of mesosystems in the network. The type 
of front observed with the various types of mesosystems is listed 
in Table II. 
The information in the table can be generalized as follows 
for systems with pressure rises: 
1. Squall lines most frequently produce cellular rises, 
2. Cold fronts most frequently produce lines of pressure 
rises. 
The number of systems with pressure falls is rather small 
to draw any conclusions about preferred synoptic conditions 
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associated with them. However, other investigations (11) (12) 
found that lines of pressure falls were observed north of the 
surface position of a warm front. 
TABLE II 
TYPE OP FRONT ASSOCIATED WITH MESOSYSTEMS 
Type of Front 
Type of System Cold Warm 
Cellular Falls 1 
Cellular Rises 1 
Lines of Falls 
Lines of Rises 4 1 
No Pressure Change 1 
Undisturbed Situations 1 
Stationary 
1 
2 
2 
Squall 
Line 
5 
1 
1 
No Front Within 
200 Miles 
1 
1 
1 
Mesosystems and Upper Air Patterns 
In addition to examining the surface synoptic pattern when 
mesosystems were observed in the network, charts showing the 
850, 700, 500, and 300-mb level were also examined. One dis-
advantage in the study of upper air data was the fact that the 
only readily available upper air data were those for 0300Z 
tabulated on Northern Hemisphere Historical Weather Maps (13). 
As a result, the upper air charts may vary as much as 12 hours 
from the time of the surface mesosystems. 
Examination of the upper level charts showed no character-
istic upper air patterns associated with the various types of 
mesosystems. The features which were examined were position 
and amplitude of troughs and ridges, temperature, mixing ratio, 
wind direction, and wind speed at the various upper levels. 
In a detailed study of Thunderstorm Project upper air ob-
servations taken on 29 June 1947, Fujita (14) found that the 
top of the pressure surge line studied did not reach the 700-
mb level. A sharp ridge line, however, was found above the 
400-mb level. The existence of this ridge was not shown by the 
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synoptic upper air network but could be analyzed using data from 
the closely spaced Thunderstorm Project upper air soundings. 
Fujita's findings, together with the negative results of the 
study of synoptic upper air data on this project, suggest that 
small mesoscale disturbances at the surface are associated with 
small mesoscale disturbances aloft. A dense network of upper 
air stations, making simultaneous observations at frequent in-
tervals, would therefore be necessary to analyze the upper air 
patterns and to describe conditions aloft at the time of surface 
mesosystem occurrence. 
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WIND STUDY OP 31 JULY 1947 
Purpose of Study 
In recent years the Array has becomes more and more aware of 
the effect the wind has on its operations. This awareness has 
existed for many years in regards to chemical warfare. But it 
has remained for rocket and guided missile research to crystal-
lize the need for understanding and forecasting small-scale wind 
fluctuations, The use of helicopters and drones in Army oper-
ations has given further emphasis to this need. 
This study does not propose to develop a method of fore-
casting the small-scale wind fluctuations, but is rather an -
exploratory study, to determine whether or not small-scale wind 
fluctuations can be tracked from one point to another and to 
learn as much as possible about the nature of these fluctuations. 
The Thunderstorm Project data were used for the study and the 
answers obtained apply to a station spacing of two miles. 
Techniques of Analysis 
First, short-period fluctuations of less than five min-
utes were eliminated by taking a 5-minute average for wind speed 
and direction. The average was obtained by applying the tech-
nique of equal areas in which half the area bounded by the mean 
direction or speed line and the trace is above the mean line and 
half is below it. The 5-minute mean winds were copied direetly 
from the microfilm. 
The winds were plotted on network charts for each 5-minute 
interval of the selected period of study. A streamline analysis 
was then made. The small fluctuations in direction could not be 
followed from station to station. The changes in wind direction 
were too small in many cases to lend themselves to accurate 
analysis. As this technique proved too subjective to obtain 
dependable results, another technique was employed using per-
turbation winds as described by Bleeker and Andre (5). 
The perturbation wind is the variation from the mean or 
undisturbed wind. The mean wind is assumed to approximate the 
undisturbed wind field. The mean wind was taken for the 2-hour 
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period of study from 1130 to 1330. The method of obtaining the 
perturbation wind was developed from the discussion in the paper 
written by Saucier and Brundidge (13). The following diagram 
illustrates the means of obtaining the perturbation wind. 
A - mean vectorial wind (2-hour mean) 
B - 5-minute mean wind 
C - perturbation wind 
The mean vectorial winds for the 2-hour period were cal-
culated by computing the u and v components of each 5-minute 
mean wind for each station for a 2-hour period, and obtaining 
the average u and v components for the period. A mean vectorial 
wind for the network was not calculated, since this would have 
had the effect of making wind variations due to local effects 
at individual stations appear as perturbation winds. 
Limitations of Data 
Limitations of the study were due to the data rather than 
the technique of analysis. As in any study, the results were 
dependent upon the accuracy of the data. The wind instruments 
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were not sensitive to wind speeds of less than three miles per 
hour, and the wind direction as recorded could not be read ac-
curately to less than the nearest 10 degrees. 
If data are used from a case study in which the speed of 
the mean 5-minute winds is near the limit of sensitivity, 3 mph, 
the perturbation winds calculated from these mean winds will have 
little meaning. In the study of the situation of 31 July 1947 
the 5-minute mean winds were between 5 and 10 mph. Ideally, the 
winds should be 10 mph or more. However, in examining wind re-
cords for fluctuations suitable for study, it was found that 
winds greater than 10 mph did not have fluctuations that were 
well enough defined for the type study discussed here. 
An accuracy of less than 10 degrees in wind direction becomes 
important when the 5-minute mean wind and the mean vectorial wind 
are almost the same. Here a variation of five degrees in the 5-
minute mean wind can make a large difference in the direction of 
the perturbation wind. Although the speed of the perturbation 
wind will be small in such cases, the difference in values due to 
a 5- to 10-degree variation in direction will be comparatively 
large. Keeping this limitation in mind, perturbation winds of 
less than two mph should not be given much weight. 
Despite the limitations of the data, it was felt that the 
wind speed was large enough to be well above the threshold of 
accuracy and that the perturbation winds obtained had some sig-
nificance. 
Discussion of Charts 
The perturbation winds for the period 1130-1330 were 
plotted for each 5-minute interval and a streamline analysis 
was made of the wind field, 
The streamline analysis revealed what appeared to be small 
circulations in the network. The perturbation winds had a much 
greater range in direction than the 5-minute mean winds, and any 
significance in the small-scale fluctuations would be found by 
the analysis of perturbation winds. 
There were many areas in which winds converged and diverged, 
and there appeared to be circulations both cyclonic and anti-
cyclonic. However, only a few of these circulations showed any 
continuity. Those which could apparently be followed from one 
map to another are discussed. 
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The first circulation which could be followed appeared on 
the map at 1150 (Fig. 35). The center of this cyclonic circu-
lation was located in the north central part of the network. 
At 1155 there was still evidence of the circulation. Its 
movement was northeastward. By 1200, the circulation had be-
come very weak with perturbation winds of one to two mph. The 
particular circulation had dissipated by 1205. 
Beginning at 1155 a stationary cyclonic circulation appeared 
in the southeastern part of the network and persisted through 
1205. 
At 1210 (Fig. 36) another small circulation appeared in 
the north central area. On the chart for 1215 it was even more 
distinguishable. At 1220, there was a very weak circulation 
slightly east of the original position. At 1225, the circulation 
increased in strength still moving eastward. At this time it was 
at the edge of the network. There is a question as to whether 
this was the same vortex for the entire period because of the 
rapid movement of 20 mph as compared to the surface wind of 5 
to 10 mph. However, an examination of the upper winds for 
Cincinnati at 1100 showed that approximately 500 feet above the 
ground the winds were westerly at 20 mph. Perhaps, the eddy 
was being steered by the wind at that level. At the beginning 
of the life of the circulation it appeared to be rather small as 
examination of the chart for 1210 shows. The three stations 
that reveal this circulation are closer together than most of 
the other stations. If the circulation had appeared at some 
other point it is possible that it would not have been detected 
as soon. 
Significance of Wind Fluctuations 
The situation of 31 July was chosen because of the clear-
cut fluctuations in wind direction. These fluctuations did not 
show continuity in movement across the network. However, analysis 
of perturbation winds revealed the presence of small circulations. 
It appears that the fluctuations were caused by "bubbles" of 
air that crossed the network. The cause of these "bubbles" is 
not known. An examination of the pressure traces showed no 
short-period changes to coincide with the fluctuations. Thermals 
may have developed into "bubbles", but temperature traces showed 
no significant temperature changes. 
FIG. 35 WIND STUDY OF 31 JULY 1947 
FIG. 36 WIND STUDY OF 31 JULY 1947 
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Most of the circulations moved at a speed greater than the 
surface winds. This leads to the question as to whether the 
circulations are real or products of the technique of analysis. 
A check was made of the upper winds, and it was found that a few 
hundred feet off the ground the wind velocity was approximately 
the same as the velocity of translation of the circulations in 
the network. It is believed that the continuity obtained for 
some of the systems indicates that they are more than imaginary. 
However, not much more can be learned about the wind fluctuations 
with the present data and limited time for study. 
Mainly, the study has pointed up several interesting ques-
tions regarding wind fluctuations. These questions are: 
(1) What are the shape and size of the "bubbles" that are 
believed to cause the fluctuations in wind? 
(2) Do these "bubbles" originate at the ground or a few 
hundred feet above ground, or do they originate at 
both levels? 
(3) Are they individual cells, e.g. thermals, or are they 
formed from the aggregation of smaller cells? 
(4) What is the duration of the "bubbles"? 
(5) How is their movement related to the undisturbed wind 
field? Are they steered by the wind at some level 
aloft or at the surface, or is the steering by an 
average wind for the whole layer? 
(6) To find answers to these questions what is the best 
station spacing for a network designed for wind studies? 
To understand the nature of the small-scale wind fluctuations 
and from that understanding arrive at methods of forecasting them, 
examination and study of more than surface data will be necessary. 
The shape and size of the air "bubbles" that apparently cause the 
fluctuations in the wind field should be known. They must extend 
into the vertical as well as the horizontal. If these "bubbles" 
exist, it seems that an accurate three-dimensional picture of 
these "bubbles" is needed in order to forecast winds for heli-
copter and drone flights, rocket operations, or any other oper-
ations that are highly sensitive to small changes in winds. 
A preliminary step towards obtaining a three-dimensional 
picture of the "bubbles" might be taken. Though crude, the 
following method could be expected to offer more information 
than is available at the present. During situations in which 
wind fluctuations exist, smoke could be released over an area 
at closely spaced points. Photographs would be taken at several 
points both at the surface and aloft. 
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To find answers to the questions that have been raised, 
the following recommendations are made: 
(1) A network designed for wind studies should be in-
stalled with provision for taking data at each 
station from the surface up to several hundred feet. 
Instruments should be mounted on a tower. 
(2) A closer than 2-mile spacing of stations should be 
set up at the center of the network with an increas-
ing distance between stations toward the network 
boundaries. Ideally, a few of the stations should 
be very close together, perhaps not more than a hun-
dred feet apart in order to study circulations at the 
smaller end of the spectrum as well as at the larger 
end. 
(3) Telemetering should be used in the collection of data. 
The network requirements recommended here could be incor-
porated into the overall network recommended elsewhere in this 
report. 
Conclusions 
This investigation was in the nature of a feasibility 
study with the purpose of determining if the Thunderstorm 
Project data could be used to study small-scale wind fluctu-
ations. The analysis of perturbation winds showed small cir-
culations in the network. Some of these circulations had a 
life so short that they were in existence less than 5 min-
utes, but others had lives of 10 to 20 minutes so that they 
could be followed from one 5-minute map to another. 
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EVALUATION OP OBSERVATIONS, INSTRUMENTS, AND ANALYSIS TECHNIQUES 
FOR MESOMETEOROLOGICAL A NALYSIS AND FORECASTING 
The basic purpose of studying small-scale weather phenomena 
is to determine methods for making more accurate, detailed, 
short-range forecasts. Before forecasts can be improved it is 
necessary to learn more about the lifetime of small-scale systems. 
Knowledge of the lifetime is important, because it appears that 
extrapolation of existing systems is the best method of making 
detailed short-range forecasts. To extrapolate accurately the 
systems it is necessary to know how long a system will exist and 
how rapidly systems change as they move across an area. 
The lifetime of systems could not be studied using Thunder-
storm Project data because of the small size of the network. 
The characteristics of a network adequate for the study of small-
scale systems are discussed below. 
In describing the optimum requirements for instruments, 
observations, and analysis techniques for mesometeorological 
studies, it is necessary to specify whether the studies are 
research studies performed in the laboratory or applied meso-
meteorological studies in the field for the purpose of quickly 
making detailed short-range forecasts. Since the requirements 
for the two types of studies are so different and because it 
is often necessary to make detailed research investigations 
before knowledge is available for field application, a dis-
cussion of instruments, observations, and analysis techniques 
for research studies are given. Suggestions for modification 
of the research studies for applied mesometeorology are pre-
sented at the end of the discussion of research requirements. 
The factors which must be considered are: the meteor-
ological parameters necessary for analysis, and the frequency 
and accuracy with which these parameters should be measured or 
observed. 
Type and Frequency of Observations 
It has been assumed that some method of transmitting 
values of the various parameters from the observing station to 
an analysis center is available. The type of data to be ana-
lyzed is similar to that currently analyzed on the various 
synoptic charts. The various parameters are listed below: 
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(1) precipitation (type, rate, and total) 
(2) clouds (type, height, and movement) 
(3) visibility (primarily restrictions to visibility, 
especially fog) 
(4) wind speed 
(5) wind direction 
(6) temperature 
(7) humidity 
(8) pressure 
Precipitation is the most important parameter affecting 
Army operations. The importance of the other parameters varies 
with operations, but in many cases cloud cover, visibility, 
wind speed, and wind direction are of equal importance in their 
ranking below precipitation. 
Observations of all but the first three items listed are 
necessary at upper levels as well as at the surface. Although 
surface pressure does not appear to be an important parameter 
to the users of short-range forecasts, it has been found that 
the pressure pattern is very useful in identifying small-scale 
systems. 
The frequency and accuracy with which these parameters are 
observed or measured depend on the size of systems which are 
considered important. Naturally, more frequent and more accurate 
data are required as the size of systems to be studied is de-
creased. 
Figure 37 compares pressure traces drawn using pressure 
values observed at various time intervals. The pressure distur-
bances shown are similar to those studied using Thunderstorm 
Project data. In this example, the curves based on hourly and 
half-hourly observations show little similarity to the contin-
uous curve. Increasing the frequency of observations from 10-
minute to 5-minute observations does not add much detail. Ex-
amination of the continuous curve shows that the very small 
fluctuations superimposed on the larger changes take place in 
two or three minutes. 
If the systems to be studied are somewhat larger than those 
which could be studied using Thunderstorm Project data, the fine 
detail that is shown by a continuous pressure trace would often 
be unnecessary. The large changes appear to be shown in suf-
ficient detail using 10-minute observations. 
Probably the most important factor to consider in choosing 
the observation frequency is the required accuracy of the time 
of large changes, For most detailed studies it would probably 
FIG. 37 COMPARISON OF CURVES BASED ON OBSERVATIONS 
AT VARIOUS TIME INTERVALS 
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be sufficient to know the time of sudden changes to the nearest 
five minutes; however, for comparing the relative time of 
changes in various parameters, observations at one-minute inter-
vals would be necessary. 
In general, if the systems to be studied have diameters of 
25 to 50 miles, observations at 10-minute intervals should be 
adequate. Systems with diameters of 25 to 50 miles would re-
quire about an hour to pass over a given point; hence, observa-
tions at 10-minute intervals would give 5 or 6 measurements of 
the system as it passed the point. The nature of the study 
being made and the results expected would determine whether it 
was important to compare the time of changes in the various 
parameters; i.e., to determine whether a pressure rise preceded 
a change in wind velocity or whether the temperature change 
preceded the onset of precipitation, etc. 
The same reasoning on frequency of measurements given for 
pressure applies to the other parameters; i.e., the accuracy 
required in the time of sudden changes is the most important 
factor in determining the frequency of observation. 
Method of Observation 
The parameters listed above may be separated into two 
groups: 
(1) Those which either can or cannot be measured at a 
point. The first group includes precipitation, 
surface wind velocity, temperature, and relative 
humidity, 
(2) Those which are more difficult to measure at a 
single point include clouds, visibility, and 
possibly winds aloft. 
The usefulness of measurements of the various parameters 
at a point depends on the variability of the parameters over 
short distances around the point. 
Much of the microscale variability can be ignored; however, 
for the study of larger systems, instantaneous measurements of 
the various parameters at a number of points are not sufficient 
for mesoscale analyses, even if the small-scale variability is 
ignored. This was discussed in the section of this report on 
methods of analysis. Equally important is the gradient of the 
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parameter being analyzed. The present method of determining 
the space gradient requires a detailed knowledge of the move-
ment of the system. In addition, to determine the gradient of 
pressure on both sides of the station at a given map time, the 
shape of the pressure curve for a short time in the future is 
required. Since research studies are usually not made until 
all data for a particular situation are available there is no 
problem except in separating advective from non-advective 
changes. 
The best method of observation still appears to be frequent 
sampling of the instantaneous value of a parameter. Prom these 
frequent samples the continuous curve can be approximated. By 
determining the direction and speed of the systems, the space 
gradients can then be computed from the time gradients. 
Instrument Requirements 
Instruments which will accurately measure and record the 
values of the parameters listed previously are necessary to 
collect data for mesometeorological studies. The required 
accuracy of the instruments will depend on the type of systems 
to be studied. For the study of small systems using a closely 
spaced network of stations, more accurate instruments would be 
required than for the study of larger systems using stations 
spaced 10 or 20 miles apart. 
It was pointed out earlier in this report that the accuracy 
of standard meteorological instruments, with the exception of 
microbarographs and the humidity elements of hygrothermographs, 
appeared to be adequate for the analysis of systems two to ten 
miles in diameter. Most of the difficulty with pressure was 
apparently caused by malfunctioning of the microbarographs 
rather than by accuracy limitations of a properly operating 
instrument. 
For stations 10 miles or more apart an accuracy of pressure 
measurement of ±10.2 mb would be adequate when studying meso-
systems with pressure changes of 2 or 3 mb, because the dis-
tance between stations would be larger than the diameter of the 
small-scale fluctuations superimposed ont he large pressure 
changes. 
To obtain suitable observational data instrumentation 
should consist of meteorological sensors, encoding devices, 
and transmitters in the field. At the analysis center the 
information would be received, decoded, and recorded. Elec-
tronic devices which would analyze the data and display the 
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analyses or at least display the observed values of the various 
parameters would be necessary to enable the forecaster to deal 
with the large quantities of data. 
Since most of the mesosystems appear to be associated with 
precipitation, some method of combining the meteorological ob-
servations and the radar PPI presentation would be useful. For 
example, it might be possible to use a 2-color cathode ray tube 
to show radar echoes and winds. The winds could be shown as 
vectors electronically placed in the proper positions on the 
cathode ray tube. Radar echoes and the pressure pattern could 
be displayed on a second cathode ray tube, etc. The radar 
echoes would then be a point of reference for comparing the 
wind, pressure, temperature, and other patterns. The method 
of presenting the various types of data should be investigated 
further. 
Station Spacing 
The spacing of stations should increase with increasing 
distance from the region for which detailed forecasts are to 
be made. The area over which stations are located would de-
pend on the forecast period. For detailed one-hour forecasts, 
closely spaced stations should extend upwind of the forecast 
area a distance equal to one hour's travel of the system. To 
study the lifetime of systems, an extremely large network of 
stations would be necessary and the stations would need to be 
closely spaced to detect the formation of systems. If the 
study of lifetimes is not considered extremely important, a 
network of stations spaced 5 to 6 miles apart at the center 
of the network increasing to 30 to 50 miles apart about 200 
miles from the center of the network would be adequate. Ob-
servations at intervals of an hour or more from the outlying 
stations together with radar data would be sufficient to in-
dicate the approach of mesosystems. The observations from 
the intermediate stations would be made about every 15 to 20 
minutes, while within 100 miles of the center, observations 
should be made at intervals of 5 to 10 minutes. 
Large mesosystems would then be detected as small devia-
tions from the synoptic pattern as they first moved onto the 
network. The wide spacing of stations and the relatively long 
time between observations would not permit much examination of 
the details of the system. 
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As the systems approach the more closely spaced stations, 
the more frequent observations would permit a more detailed 
analysis of the system. As the system progressed farther into 
the network much of the small-scale structure of the system 
could be studied in detail. 
Upper air observations using GMD-1 type rawinsonde equip-
ment would be necessary to obtain a three-dimensional picture 
of the weather patterns. The spacing of upper air stations 
should be approximately 25 miles decreasing to 5 miles in the 
center of the network. The frequency of upper air data collec-
tion would depend on the type of weather situation. Low level 
observations (to 18,000) would be required at half-hour intervals 
to study details of squall lines. Observations at 2-hour inter-
vals would be adequate at other times except for special studies. 
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CONCLUSIONS 
Data and Methods of Analysis 
The data collected by the Thunderstorm Project of 1947 
were suitable for an exploratory study in the field of meso-
meteorology, although considerable time and effort were ex-
pended in applying techniques to correct errors. Data which 
are accurate in their original state would lead to a better 
analysis. The Fujita techniques of analysis used in this 
study were satisfactory. They are excellent for research pur-
poses but limited for operational purposes. Future investiga-
tions must modify these techniques to operational use. 
Typical Mesoscale Patterns 
In the analysis of the Thunderstorm Project data small-
scale fluctuations have been found which are not 'noise' but 
small-scale systems analogous to synoptic-scale highs and lows. 
These mesosystems are on a scale of 2 to 10 miles. 
The systems found to exist in the Ohio Network, an area 
10 by 20 miles in size, are classified as: (1) thunderstorm 
high, (2) mesolow and mesocyclone, (3) pressure jump and pres-
sure surge, and (4) mesotrough and depress ion-type wave. There 
were also disturbances in the wind, temperature, and moisture 
field which did not affect the pressure field. 
Relationship of Mesosystems to Synoptic Scale 
From the 28 case studies of mesosystems, the following 
relationships were found between mesosystems and synoptic-scale 
features: 
(1)  Squall lines produce cellular pressure rises. 
(2) Cold fronts produce lines of pressure rises. 
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Small-Scale Wind Fluctuations 
In the study of small-scale wind fluctuations, the Thunder-
storm Project wind data are valuable only in that they indicate 
the existence of small circulations in the wind field. The 
small-scale circulations found in the wind study of 31 July 
1947, along with findings in other studies of turbulence by 
other investigators, indicate the existence of "bubbles" in the 
atmosphere. An accurate picture of these "bubbles" is needed. 
To reach a thorough understanding of these small-scale wind 
fluctuations will require a three-dimensional study of the at-
mosphere. A study of this nature should be conducted from 
station spacing closer than two miles at the center of a net-
work with spacing gradually increasing outward from the center. 
Evaluation of Observation, Instruments, and Analysis Techniques 
for Mesometeorological Analysis and Forecasting 
To study mesometeorology thoroughly, observations must be 
made of the following parameters: (1) precipitation, (2) clouds, 
(3) visibility, (4) wind velocity, (5) temperature, (6) humidity, 
and (7) pressure. Pressure is important because it is needed 
in identifying small-scale systems. 
The frequency and accuracy of observations depend on the 
size of systems to be studied. The most important factor for 
the frequency of observations is the required accuracy of the 
time of large changes in parameters. This frequency is con-
trolled by the requirement of comparing the relative times of 
change in various parameters. 
To obtain a proper space gradient in the analysis of the 
various parameters, frequent sampling of instantaneous values 
at several points must be accomplished. By frequent sampling, 
continuous curves of the parameters can be approximated. 
The standard meteorological instruments used in the Ohio 
Network were found to be satisfactory except for the microbar-
ographs and hygrographs. Properly functioning standard micro-
barographs are suitable and accurate enough for mesoanalysis, but 
a new type of instrument must be used for humidity measurements 
since the accuracy of hygrographs does not meet the requirements 
of mesoanalysis, A system of telemetering of observations must 
be developed to make the observations readily available to the 
analyst and forecaster. If telemetering is to be used, sensing 
elements will take the place of standard instruments. 
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RECOMMENDATIONS 
Further investigations of mesometeorology should be made 
to reach a better understanding of this phase of meteorology. 
Data more accurate than that obtained by the Thunderstorm Pro-
ject will be required. To obtain satisfactory data will re-
quire a special network. A suitable network will be very ex-
pensive, but if more knowledge of mesometeorology is to be 
gained considerable effort and money will need to be expended. 
Type of Instrumentation 
For the best results a different type of instrumentation 
will be needed. The instrumentation should consist of meteor-
ological sensing elements in the field which telemeter data to 
a centralized digital recording system. This type of system 
would eliminate instrument error and make observations immedi-
ately available for forecasters and analysts. Sampling of the 
meteorological parameters should be frequent depending on the 
station spacing in the network. For the network which is being 
recommended, measurements should be made every minute. Obser-
vations should be made of pressure, temperature, wind velocity, 
humidity, and rainfall rate. In addition upper air observations 
should be made as frequently as possible. Dome cameras should 
be set up to photograph clouds. A high-powered radar set that 
is not subject to appreciable precipitation attenuation should 
be installed to study the development, movement, and intensity 
of echoes associated with the mesosysterns. Finally to be suit-
able for Army requirements the network should be mobile. 
Station Spacing of Network 
For wind studies, stations near the center of the network 
should be closely spaced with distance increasing towards the 
edge of the network. At the center of the network, station 
spacing should be in the order of a half mile increasing to 5 
miles in the surrounding area and finally to 30 miles at 200 
miles from the center. In this way, the mesosystems as they 
enter the network may be studied from a wide spacing to a close 
spacing of stations. Radiosonde stations should be located in 
the network approximately 25 miles apart, except near the net-
work center where 4 or 5 stations should be located approximately 
5 miles apart. 
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Forecasting 
After a special network has been installed and the data 
studied, an operational network should be incorporated into an 
Army field problem to test the recommended instrumentation, 
forecast procedures, and channels of communication. This trial 
run of forecasting on the mesoscale should be made during Army 
maneuvers which would approximate battle conditions. 
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